We discuss how the differential cross section near threshold for the reaction γN → KΘ + can be an important tool to determine the parity of the Θ + in a model-independent way. Using the CGLN amplitudes, we present a justification to our description. We extend our analysis to the photon polarization asymmetry which can play an important role in determining the Θ + parity without ambiguity.
The discovery of the pentaquark Θ + baryon [1, 2, 3, 4, 5, 6, 7, 8] opens the new realm of investigating hadron structures that are beyond the scope of the conventional quark models. The mass and decay width of the Θ + estimated from the experiments are consistent with theoretical predictions of the chiral soliton model [9] within the experimental uncertainty. Also the quantum numbers such as the spin 1 2 and isospin singlet with positive strangeness s = +1 tend to be established from the analysis of experimental data [7, 10] . However, the parity of the Θ + is still a controversial issue [11, 12] . Concerning the parity of the Θ + , there has been a series of the theoretical approaches to determine the parity of the Θ + from the photo-and mesoninduced productions of the Θ + directly [13, 14, 15, 16, 17, 18, 19, 20] . The approaches in Refs. [13, 14, 15, 16, 17, 18] were initially focusing on the model predictions for the cross sections of the SAPHIR and CLAS experiments, while in Refs. [19, 20] the polarization observables were investigated to determine the parity of the Θ + . Some results favored the positiveness of the Θ + parity. However, based on the reanalyses of the K + d and K + p scattering data [21, 22] , the uncertainty in the decay width of the Θ + due to the limited resolution of the experiments are under discussion. From the more theoretical ground [23, 24] , some suspected that the cross section of the SAPHIR data may be retracted by an order of magnitude smaller than claimed in Ref. [2] . Moreover, as we discussed before [13] , there is a wide theoretical uncertainty in the model calculations associated with the different assumption on the gauge prescription as well as the cutoff Λ [13, 14, 15, 16, 18] . Thus, at the current situation, it is not at all clear which sign of the Θ + parity is the correct one.
In this letter we present a reasoning why the angular distribution of the Θ + photoproduction near threshold is an effective tool to distinguish the parity of the Θ + . We will demonstrate that the first principle conservation laws give strong constraints on the differential cross sections near threshold and consequently the features of the differential cross sections between the two opposite parity states are clearly distinguishable.
Before we apply the conservation laws of the parity and angular momentum to γN → KΘ + , we first summarize our reasoning why the total cross sections alone may not be so effective in the determination of the Θ + parity. In Fig. 1 , the cross sections for γN → KΘ + were obtained using the pseudovector(PV) coupling for the KN Θ + interaction with the coupling constant g KN Θ taken from the width Γ Θ + = 5 MeV for both parities [13] . The coupling constants used in the calculation are listed in Table I and the Θ + magnetic moment is taken as κ Θ = 0 for simplicity. The details of the gauge prescription and the associated form factors were presented in our previous work [13] .
As can be seen in Fig. 1 , the positive and negative parity cases give the total cross sections 
The dot-dot-dashed lines are the sum in total of the Born terms, K * and K 1 with
of the order of 100 nb and 10 nb, respectively. However the current experimental results are not exactly clear about which order of the magnitude, i.e. 100 nb or 10 nb, is the correct one. Thus, we think that it is necessary to go beyond the total cross sections and investigate the differential cross sections for the discrimination of the Θ + parity [13] . Although the hadron model involves several unknown parameters, we notice that such model dependence can be minimized in the analysis near threshold because only the lower angular momentum states are available and thus it is rather easy to implement the first principle conservation laws [25] .
In order to apply the conservation laws of parity and angular momentum to γN → KΘ + , the inspection of the reaction specific to the threshold energy is necessary. Let us make it clear that the relevant kinematics near threshold energy is rather simple. Near threshold, we can assume in the final KΘ + state that the kaon angular momentum
up to a few hundred MeV/c for the kaon momentum in the center of mass frame with R, a typical hadronic scale of one fermi. Thus the total spin of the final state is J f = 
+ ) and [28] . Values in the parenthesis are denoted by
Positive parity Negative parity References by the conservation of the total angular momentum. Then, the total parity of the initial state P i = −1 is given uniquely. Therefore, following the parity conservation, the final state should have l K = 0 with P f = −1, i.e., the s-wave kaon production near threshold when the Θ + has the positive parity. Similarly, the angular momentum and parity of the final state should be l K = 1 with P f = −1 for the negative parity of the Θ + . Thus the p-wave kaon production is expected near threshold when the parity of Θ + is negative.
In Figs. 2 and 3, the angular distributions of γn → K − Θ + and γp →K 0 Θ + in the PV coupling scheme are presented, respectively. As illustrated above, the solid line of γn → K − Θ + near threshold, i.e. at E γ =1.8 GeV, shows the typical s-wave kaon production of the Born terms for Θ + ( [16]. Although, there is some model dependence especially due to the K * and K 1 contributions, the distinction between the positive and negative parities is quite clear and it is not degraded by the model dependence. Therefore, the angular distributions near threshold should be the useful informations to the parity of the Θ + . To reduce the model dependence arising from the form factors further, we presented the normalized differential cross sections divided by the total cross section. To convince ourselves further, let us expand the photoproduction operator in terms of the CGLN amplitudes [29] . In the case of Θ + (
wherek,q are the unit vectors of photon and kaon three momenta andǫ λ is the photon polarization vector. Likewise, the expansion of the photoproduction operator for the Θ + (
The superscripts ± stand for the parities of the Θ + in what follows. The CGLN amplitudes in Eqs. (1) and (2) are given by
with the normalization constant
. The invariant amplitudes A ± i 's of the PV coupling scheme for the nucleon spinor (p, n) are then given by
except for the coupling constant g KN Θ different between the two parities of Θ + . In Eq. (4), κ p = 1.79 together with X = (s − M 2 ) are taken for γp →K 0 Θ + , and κ n = −1.91 with X = (t − m 2 K ) for γn → K − Θ + , respectively.
For the t-channel K * and K 1 exchanges, the invariant amplitudes A ± i are given by
Here the coupling constants are
/m with the arbitrary parameter of the mass dimension, m. Also, In the case of γp →K 0 Θ + , the process contains only the s-and u-channel pole terms. As shown in Fig. 5 , the behaviors of the backward increase are evident for both parities. These are due to the u-channel pole term, producing the angular dependence in that direction. Furthermore, because of the absence of the kaon pole term in this process, the F − 1 in the case of the negative parity dominates all the other amplitudes.
With these in mind, we now analyze the differential cross section. Defining
I ± (θ) are given by
Following the above discussions for Figs. 4 and 5, the differential cross sections near threshold can be written as I + (θ) ≃ |F 
Thus, the anticipated p-wave profile from the angle-dependent terms in the I − (θ) is suppressed in the dσ dΩ − as shown Fig. 3 . Also the u-channel angular distribution is much weakened by the small coupling constant g KN Θ of the negative parity Θ + . These analyses confirm our earlier discussions on Figs. 2 and 3 using the parity and angular momentum conservations.
It is natural to extend our prediction to the polarized photon case and the observation of single polarization observable. Recently, Zhao [19] and Zhao and Al-Khalili [20] carried out analyses of the Θ + photoproduction with polarized photon beams using a quark potential model and examined kinematical and dynamical aspects for the purpose of determining Θ + spin and parity. It was also pointed out in Refs. [19, 20] that useful analytical information can be obtained near threshold.
Although the model in Ref. [19] is different from ours, we notice that our results are rather close to the results in Ref. [19] for some cases supporting our findings in this work. The kinematic region very close to the threshold is detailed in our analysis. The asymmetry from the photon polarization(Σ) is defined by an interference between the spin-flip and the spin non-flip transitions, thus enhancing the effect of the small part of the reaction amplitude. In this observable, the properties hidden in the unpolarized characteristics can be revealed.
Following the convention given in Ref. [30] , we choose the photon momentum k in Eqs.(1) and (2) along the z-axis and the vector k × q to be parallel to the y-axis in the center of mass frame of the reaction. Then, the photon polarization asymmetry is defined by
where dσ/dΩ ⊥ (dσ/dΩ ) is the differential cross section for the photon polarization along x(y) axis.
In terms of the CGLN amplitudes, the Σ for each parity of the Θ + is given by
respectively. The results are given in Figs. 6 and 7. For qualitative understanding, the polarization Σ near threshold can be approximated as Σ + ≃ − Fig. 6 shows the large negative value of the solid line, stretched strongly toward −1. This is in sharp contrast to the Σ + . The notations are the same as Fig. 1 . The notations are the same as Fig. 1 .
To understand such a structure, the dominance of the F − 4 over the spin-flip term F − 1 due to the t-channel kaon pole is crucial, i.e., Σ − ≃ −
In brief, the polarization Σ for γn → K − Θ + near threshold can be characterized by the fact that Σ + ≈ 0 due to the dominance of the Kroll-Ruderman term, whereas Σ − ≈ −1 due to the t-channel kaon pole term. Such trends are not altered much even in the case of including the K * and K 1 contributions. Therefore, it should be remarked that these contrasting features for the γn → K − Θ + make the two opposite Θ + parities clearly distinguishable. The result of the Σ + in Fig. 6 is in good agreement with that of Ref. [19] (Fig.4 of the reference) . However, there is some difference in the case of the negative parity.
For the γp →K 0 Θ + , the situation is somewhat less clear. Nevertheless, the persistence of the Born contributions(solid line) to the Σ − ≈ 0 up to E γ = 2.5 GeV in Fig. 7 deserves to be noticed.
Indeed, the null polarization Σ − in Fig. 7 can be understood by the fact that F and γp →K 0 Θ + ( 1 2 − ) do not change their signs according to the signs of the K * and K 1 . These asymmetric behaviors of the K * and K 1 may be due to their enhancement or cancellation within the amplitudes for each parity and in the case of the K * contributions to the Σ ± our results are consistent with Ref. [19] .
In summary, based on the CGLN amplitudes and the parity and angular momentum conservation laws, we have analyzed the differential cross sections and the photon polarization asymmetry for γN → KΘ + near threshold. In particular, the features of the differential cross sections γn → K − Θ + near threshold are remarkably consistent with the predictions of the conservation laws of parity and angular momentum. This uniqueness can already be expected from the first principle and thus signifies the model independence of our results. As we demonstrated further, the photon polarization asymmetry Σ can, in principle, also reveal the distinctions between the two parity states of Θ + by showing significantly contrasting features with its minimum and maximum polarizations between the two parities in the case of γn → K − Θ + . Furthermore, the very model dependent K * and K 1 contributions do not change substantially such features of the Σ. We thus conclude that incorporating the contrasting features of the Σ ± for γn → K − Θ + , the angular distributions near threshold provide an effective tool to determine the Θ + parity unambiguously.
